Intensive care is a complex environment involving many signals, data and observations. Clinical decision support and artificial intelligence using fuzzy logic and closed loop techniques are methods that might help us to handle this complexity in a safe, effective and efficient way. Merouani and colleagues have performed a study using fuzzy logic and closed loop techniques to more effectively wean patients with sepsis from norepinephrine infusion.
In the intensive care environment clinicians are trying, surrounded by a wealth of information and using guidelines as well as their personal expertise, to treat patients in the best possible way. We know that these treatments are complex and not always consistent among clinicians. They might also be influenced by a number of other conditions, such as workload, and human conditions, such as fatigue or personal feelings and intuition. Examples of these treatments are mechanical ventilation or multidrug hemodynamic support in septic shock. Not only is the commencement of these treatments important, but also the weaning process, in order to limit possible side effects resulting from them.
Weaning from vasopressors is often approached empirically and performed manually. Bedside equipment such as pressure transducers, infusion pumps, pulse oximeters and mechanical ventilators store their data in clinical information systems. Artificial intelligence tools can function as intelligent assistants to clinicians, constantly monitoring data for trends or adjusting the settings of devices. In a recent issue of Critical Care, Merouani and colleagues [1] describe a completely automated weaning protocol based on closed loop control using fuzzy logic principles. They could show a reduction in the duration of norepinephrine weaning in septic patients enrolled in this automated protocol study group in comparison to a control group where the weaning occurred at the clinician's discretion. Also, the total amount of norpinephrine administered was significantly reduced in the automated group compared with the control group.
What is fuzzy logic? Medical biological processes can be so complex and unpredictable that physicians sometimes must make decisions based on intuition. Computers are capable of making calculations at high and constant speed and of recalling large amounts of data and can, therefore, be used to manage decision networks of high complexity. However, binary, or 'crisp', logic, situations arising from medical biological processes are difficult for them to handle. Fuzzy logic, on the other hand, is a form of multi-valued logic that deals with reasoning that is approximate rather than precise. For instance, in the case of population height where the average height is 1.8 m, binary, or 'crisp', logic would determine a person of 1.79 m to be of medium height, and other people who are, for example, 1.81 m or 2.25 m would be considered tall. In fuzzy logic, however, there are no such heights as 1.83 m, but only fuzzy values such as dwarf, small, medium, tall, giant. The highest values belonging to the set 'dwarf' can overlap with the lowest values of the set 'small'. While variables in mathematics usually take numerical values, in fuzzy logic applications non-numeric linguistic variables are often used to facilitate the expression of rules and facts. Thus, fuzzy logic has a particular advantage in areas where precise mathematical description of control processes is impossible and is thus especially suited for use in supporting medical decision making [2] [3] [4] . Other examples of described systems where closed loop fuzzy logic techniques have been used include mechanical ventilation [5, 6] , anesthesia [7] [8] [9] , neurosurgery and intracranial pressure monitoring [9] [10] [11] .
In their study, Merouani and colleagues measured mean arterial pressure (MAP) every 10 seconds for 7 minutes to obtain an accurate MAP measurement with the least possible number of artifacts and then processed all obtained values with median values filtering. A computer converted the MAP and norepinephrine infusion rate into fuzzy datasets and automatically calculated the required change in rate of infusion. MAP level and MAP variation (ΔMAP), the variables to be controlled, were the outputs of the controlled system, whereas the norepinephrine infusion rate was the input to be adjusted to reach the desired MAP value. This makes it a closed loop control system. The infusion rate changed automatically every 7 minutes after analysis of the MAP and the ΔMAP. The timeframe of infusion rate modifications was empirically set at 7 minutes in order to take into account the equipment's inertia and patient's time to hemodynamic response. The results in this study are promising, although the study does not dedicate much attention to the side effects or safety issues of this kind of technique. For this study, a study manager was available constantly, but it was not reported how frequent this person had to be consulted. To be useful, such systems should be designed to be effective, safe, and easy to use at the bedside. In particular, these systems must be capable of noise removal, artifact detection and effective validation of data [5] .
Fuzzy logic provides a means for encapsulating the subjective decision making process in an algorithm suitable for computer implementation. More research is necessary to develop fuzzy logic algorithms for certain medical processes, followed by safety testing and, eventually, validation in patients [2, 12] . This will support the management of complex treatments in the intensive care unit, reduce variability between physicians and help us in achieving clinical endpoints.
